Background The oxidative modification of low-density lipoproteins increases their incorporation into the arterial
The 1986 dietary questionnaire inquired about the average frequency of intake of 131 foods over the previous year. Ten additional items specifically addressed the current use of vitamin supplements, including the type, dose, and duration. Although we have no information on the specific forms of vitamin E supplements (natural vs. synthetic), we did ask the participants to identify specific brands of multivitamins, cooking oils, and cold cereals. Nutrient intakes were computed by multiplying the frequency with which each food item or supplement was consumed by its nutrient content, derived primarily from information from the Department of Agriculture, 14 for the portion size or dose listed 15 ,16 ,17 . We calculated nutrient scores for both dietary and supplementary intake, except in the case of carotene, for which only the total intake was calculated, because only 2.2 percent of the men reported taking carotene supplements. Carotene intake was calculated on the basis of the values for vitamin A in vegetables and fruits and the one third of vitamin A from dairy products that is in the form of carotene 14 . We assigned a value of 10,000 IU for men who reported taking carotene supplements.
We assessed the validity of the food-frequency questionnaire in a random sample of 127 men living in the Boston area. We compared nutrient intake as specified on the questionnaire with two one-week diet records spaced approximately six months apart 16 ,17 ,18 . Pearson correlation coefficients between the diet records and the dietary questionnaire were adjusted for total energy intake 19 and for within-person variability in reported daily intake 20 . The adjusted correlation coefficients were 0.64 for carotene, 0.92 for total vitamin C, and 0.92 for total vitamin E. For men not taking supplements, the coefficients were lower: 0.77 for vitamin C and 0.42 for vitamin E 16 .
Case Ascertainment
Fatal coronary disease, nonfatal myocardial infarction, coronary-artery bypass grafting, and percutaneous transluminal coronary angioplasty occurring between 1986 and January 31, 1990 , were considered as end points. Participants who reported an incident myocardial infarction on the 1988 or the 1990 questionnaire were sent a letter asking them to confirm the report and requesting permission to review the medical records. Myocardial infarctions were confirmed with use of the criteria of the World Health Organization 21 : compatible symptoms plus either typical electrocardiographic changes or elevation of cardiac enzymes. We classified 3 percent of the fatal and 18 percent of the nonfatal myocardial infarctions as "probable" because the medical records were unobtainable although the diagnosis was corroborated by supplementary information. Reports of bypass grafting or angioplasty were confirmed by medical records for 98 of 102 participants (96 percent). Therefore, participants' own reports of these end points were considered sufficient for confirmation.
Deaths were reported by next of kin, coworkers, postal authorities, or the National Death Index. Fatal infarctions were confirmed from medical records or autopsy reports. Fatal coronary disease was also considered confirmed if it was listed as the underlying cause on the death certificate, and a diagnosis of incident coronary disease (after January 1, 1986) was confirmed on the basis of records or interviews. The listing of a cause of death on the death certificate was not accepted in itself as confirming fatal coronary disease. Sudden death was defined as death within one hour of the onset of symptoms in men who had no previous serious illness or plausible cause of death other than coronary disease. Because in men sudden death is generally attributable to coronary disease, we included such deaths (for 33 men) as indicative of fatal coronary disease. When subjects had multiple end points, only the first was included in the analysis. The physicians reviewing the medical records were unaware of the reports of dietary intake.
Statistical Analysis
Each participant's follow-up time began with the date of return of the 1986 questionnaire and continued until the diagnosis of an end point, death, or January 31, 1990 , whichever came first. Relative risks were calculated by dividing the incidence rate of coronary disease among the men in each category of antioxidant intake by the rate for the men in the lowest category. Adjusted relative risks for age (in five-year categories) were derived by the Mantel-Haenszel method 22 . The Mantel extension test 23 was used to test for linear trends. To adjust for other risk factors, we used multiple logistic regression to generate odds ratios as an estimate of relative risk. In multivariate logistic models, we tested for significant monotonic trends by assigning each participant the median value for the category and modeling this value as a continuous variable. All P values are two-sided.
Results
During 139,883 person-years of follow-up, we documented 667 coronary end points: 360 bypass grafts or angioplasties, 201 nonfatal myocardial infarctions, and 106 fatal coronary events.
The age-adjusted and multivariate relative risks of coronary disease according to quintile group for the intake of vitamin E, carotene, and vitamin C (including supplements) are shown in Table 1 . As compared with the men in the lowest quintile group for vitamin E intake, the men in the highest quintile group had an ageadjusted relative risk of coronary disease of 0.59 (95 percent confidence interval, 0.47 to 0.75; P for trend = 0.001). The relative risks were similar after multivariate adjustment. For a high intake of carotene, the age-adjusted relative risk of coronary disease was 0.71 (95 percent confidence interval, 0.55 to 0.92; P for trend = 0.02). The relative risks for carotene were also not materially altered by multivariate adjustment. A high intake of vitamin C was initially suggestive of a slight inverse association (age-adjusted relative risk, 0.83; 95 percent confidence interval, 0.64 to 1.08) ( Table 1) . After further adjustment for risk factors and the use of other antioxidants, however, the relative risk was 1.25 (95 percent confidence interval, 0.91 to 1.71; P for trend = 0.98).
All the participants in the two highest quintile groups for vitamin E intake used multivitamins or specific vitamin E supplements. We suspected that these men might differ substantially from those who did not take supplements, and we therefore examined the distribution of risk factors according to quintile group for total vitamin E consumption ( Table 2 ). The prevalence of hypertension and the percentage of calories derived from fat were similar. Differences in the intake of dietary fiber, cholesterol, and total fat were generally proportional to absolute differences in caloric intake and were not due to differences in dietary composition. However, because patterns of smoking, fiber intake, aspirin use, and physical activity were different, we controlled for these variables in all the multivariate analyses.
View this table:
[in this window] [in a new window] When the 5804 men with base-line hypercholesterolemia or diabetes were included, the results were not appreciably different from those in Table 1 . Also, there were no material differences between the specific diagnostic categories. For fatal coronary disease or nonfatal myocardial infarction, the multivariate relative risk between the highest and lowest quintile groups for vitamin E intake was 0.63 (95 percent confidence interval, 0.45 to 0.89), and for bypass grafting or angioplasty the relative risk was 0.68 (95 percent confidence interval, 0.48 to 0.97). The corresponding results for carotene and vitamin C were also similar to the results in Table 1 . Excluding probable cases of myocardial infarction did not alter these results appreciably.
To assess further the role of vitamin E supplements, we divided total intake into dietary and supplemental sources. Quintiles of dietary vitamin E intake were calculated on the basis of dietary intake without supplements, whereas the dose categories for supplemental vitamin E were those specified in the base-line questionnaire ( Table 3) . The two lowest categories of supplement use represent men who reported using multiple vitamins or using vitamin E supplements infrequently. Among men taking any supplemental vitamin E, we found only a modest inverse association between the dose and the risk of coronary disease (P for trend = 0.22). The maximal reduction in risk was seen among men consuming 100 to 249 IU per day, with no further decrease at higher doses. We found a suggestion of an inverse association between dietary vitamin E and the risk of coronary disease among men who did not take vitamin supplements, with a relative risk of 0.79 (95 percent confidence interval, 0.54 to 1.15) for the highest as compared with the lowest quintile group (P for trend = 0.11) ( Table 3 ). The variation in dietary vitamin E intake was much lower than the variation in intake from supplements; the median of the highest quintile group for dietary intake (12.9 IU per day) fell within the lowest category of supplemental intake. We also examined the association between the duration of vitamin use and the risk of coronary disease (Table 4 ). Using the categories for the duration of vitamin use that appeared on the base-line questionnaire (0 to 1, 2 to 4, 5 to 9, and 10 or more years), we found a suggestion of an inverse trend between the duration of vitamin E use and the risk of coronary disease. Men reporting use of vitamin E supplements for 10 or more years had a relative risk of 0.65 (95 percent confidence interval, 0.46 to 0.92) as compared with nonusers.
The multivariate relative risk of coronary disease among men taking specific vitamin E supplements (i.e., not multivitamins) was 0.75 (95 percent confidence interval, 0.61 to 0.93) as compared with nonusers. Among men who took vitamin E supplements in doses of at least 100 IU per day for two or more years, the relative risk was 0.63 (95 percent confidence interval, 0.47 to 0.84) as compared with nonusers after we controlled for multivitamin use.
The relative risk of coronary disease in men taking 100 or more IU per day of vitamin E for two or more years, as compared with nonusers of supplements, ranged from 0.57 to 0.67 in multivariate analyses after we controlled separately for quintile groups for the intake (from dietary sources and supplements combined) of retinol; vitamins B, B, B, B, C, and D; and calcium, folate, niacin, iron, magnesium, and zinc. Whereas the relative risks associated with vitamin E remained significant in each model, those comparing the highest with the lowest quintile groups for the other nutrients were not statistically significant.
The reduction in the risk of coronary disease associated with the highest quintile group for total vitamin E intake was somewhat less among current smokers (relative risk, 0.67; 95 percent confidence interval, 0.34 to 1.31) than among those who had never smoked (relative risk, 0.52; 95 percent confidence interval, 0.34 to 0.78). The inverse association was not appreciably modified by age, family history of myocardial infarction, or dietary intake of alcohol, carotene, vitamin C, polyunsaturated fat, total fat, magnesium, or iron.
In our analysis of overall mortality (in 578 men), the relative risk was 0.78 (95 percent confidence interval, 0.60 to 1.01; P for trend = 0.06) when we compared the highest and lowest quintile groups for vitamin E intake. Mortality during the first four years of follow-up of a healthy population is skewed toward death from sudden causes, such as trauma, and diseases with a delayed time to death are underrepresented.
The association between dietary carotene and the risk of coronary disease differed significantly according to base-line smoking status (Table 5 ). Among men who had never smoked, no association was observed. We did, however, find a significant inverse association between carotene intake and coronary disease among current and former smokers. Among current smokers, the relative risk was 0.30 (95 percent confidence interval, 0.11 to 0.82) when the highest and lowest quintile groups for intake were compared; among former smokers, the risk was 0.60 (95 percent confidence interval, 0.38 to 0.94). The reduction in risk among current smokers was significant even in the third quintile group for dietary carotene intake (whose intake was equivalent to half a carrot per day).
Discussion
These data are compatible with the hypothesis that an increased intake of antioxidants, primarily as vitamin E, but also as dietary carotene in former and current smokers, is associated with a reduced risk of coronary disease. Although we cannot exclude the possibility that an unknown variable associated with high antioxidant intake is responsible for the reduction in coronary disease, the lack of a significant association of coronary disease with other micronutrients (e.g., vitamin C) consumed as either diet or supplements suggests a causal interpretation.
The high rate of follow-up reduced potential bias due to loss to follow-up, and because dietary information was collected prospectively, we eliminated recall bias. To reduce the possibility of bias associated with recent dietary changes related to disease, we excluded men with coronary disease, diabetes, or high cholesterol levels at base line. The finding that the apparent benefit of vitamin E supplements was stronger with longer-term use is further evidence of a specific effect rather than simply selfselection.
Men with a higher intake of vitamin E have somewhat healthier risk profiles (Table 2 ). After we controlled for this health-conscious behavior (Table 1) , however, a strong protective association with vitamin E intake persisted. Any remaining residual confounding would need to be large to explain the relative risk we observed. Serum lipids were not measured in the total cohort and could potentially be confounding variables. In a subsample of participants, 16 however, vitamin E intake was not correlated with either total or high-density lipoprotein cholesterol (r = -0.02 for both). In studies of vitamin E supplementation, vitamin E did not alter blood lipid levels 24 ,25 . Hence, confounding according to lipid level is an unlikely explanation of our results. If uncontrolled confounding explains the inverse association for vitamin E, we would expect a similar effect for vitamin C, which was similarly associated with a healthier lifestyle (data not shown). After adjustment for vitamin E, however, vitamin C was not associated with a reduction in coronary disease (Table 1) , a result that supported a specific effect of vitamin E.
Our findings for vitamin E are consistent with geographic correlations between serum vitamin E levels and coronary mortality rates 8 and reduced serum levels of alphatocopherol (the principal component of vitamin E) in patients with angina 26 . Most notably, the associations we found for vitamin E supplements were remarkably similar to those found among women in the Nurses' Health Study 27 . Vitamin E appeared to reduce atherosclerosis in a small experiment in monkeys 28 and to decrease the rate of restenosis among patients after angioplasty 29 . Little difference in vitamin E levels was seen, however, between persons with and persons without myocardial infarction when measurements were made in previously collected and stored serum samples 30 ,31 ,32 . These studies may have failed to find differences in serum alpha-tocopherol levels for several reasons: because few participants used supplements, because a single measurement cannot distinguish between short-and long-term supplement use, and because the degradation of alpha-tocopherol in stored samples 4 reduces the overall variation. Alternatively, intracellular antioxidant levels may be more important than serum levels in inhibiting the cell-mediated oxidation of LDL 33 .
In addition to the strong association with vitamin E supplements, we found a moderate reduction in the risk of coronary disease with increasing intake of nonsupplemental dietary vitamin E. The primary sources of dietary vitamin E are vegetable oils and to a lesser extent seeds, cereal grains, and nuts. Although we incorporated information on specific brands of margarines and cooking oils into the dietary intake scores, the vitamin E content of foods is dependent on cooking, processing, and storage 34 . Limited variability in dietary vitamin E intake and error in measurement due to the instability of vitamin E may have obscured a stronger inverse association. In a subsample of 121 men in our study, we found only a weak partial correlation (r = 0.11) between dietary vitamin E and serum alpha-tocopherol levels, which was greatly enhanced (r = 0.51) after the inclusion of vitamin E from supplements 1 . The lack of a strong association between dietary vitamin E alone and coronary disease is consistent with experimental evidence in which the resistance of LDL to oxidation 35 ,36 ,37 ,38 is increased only by supplemental vitamin E intake at levels 10 to 100 times the standard recommended dietary allowance 39 . Supplementation at this level has been shown to be nontoxic over a moderate follow-up period 40 .
With regard to carotene, in a cohort of 1299 elderly Massachusetts residents followed for 4.75 years, Gaziano et al. found a relative risk of 0.55 (95 percent confidence interval, 0.34 to 0.87) for death from cardiovascular causes when the highest and the lowest quartile groups for intake were compared 10 . In a preliminary report from the ongoing Physicians' Health Study trial, men with angina who were randomly assigned to receive beta carotene had fewer subsequent cardiovascular events than those assigned to placebo 41 .
We and others have reported lower levels of plasma carotene (but not alpha-tocopherol) 1,2,26 ,35 ,42 among smokers. The increased oxidative stress brought on by smoking may increase the susceptibility of lipids to oxidation 43 ,44 ,45 ,46 and increase the demand for plasma antioxidants to quench oxygen free radicals.
Vitamin C preserves the endogenous antioxidants 47 and quenches oxidants in hydrophilic environments 48 . Much of the oxidation of LDL particles, however, occurs in the subendothelial space, a hydrophobic environment that favors a protective effect of fat -soluble vitamins (vitamin E or carotene) over water-soluble vitamins (vitamin C) 49 .
Cross-cultural data suggest that men in countries with higher rates of mortality from coronary causes have, on average, plasma vitamin C levels that border on being deficient 8 . Because the median of the lowest quintile group for dietary vitamin C intake was 78 mg per day in our study (recommended daily allowance, 60 mg), 39 we could not test this hypothesis.
In the follow-up of the cohort in the first National Health and Nutrition Examination Survey, 9 men reporting an intake of 50 mg or more of vitamin C per day (including supplements) had a standardized mortality ratio of 0.58 for all cardiovascular disease. However, vitamin C from diet alone was not appreciably related to cardiovascular disease. Hence, the effect appears to be explained by the use of vitamin supplements, and perhaps not specifically those of vitamin C, because the authors did not account for vitamin E use.
We found an inverse association between vitamin E intake and coronary disease that was weak at best when only dietary sources were taken into account. At the higher levels of intake reached with supplementation, the association became significant. We cannot rule out the possibility that confounding may partly account for our results; a cause-and-effect relation cannot be established from these observational data. However, these findings, together with similar findings in women, 27 support the hypothesis that supplemental vitamin E may reduce the risk of coronary disease. Public policy recommendations about the use of vitamin E supplements should await the results of additional studies.
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